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Details of playback stimuli
Each broadcast included the following 25 types of sounds (depicted in Fig. S1 ): (1) a frequency-modulated sine wave (a tone rising from 1 to 5 kHz over 0.5 sec); (2) an unmodulated pure-tone sine wave (a 2 kHz tone lasting 0.25 sec); (3) the tonal song of the Black-capped Chickadee (Poecile atricapillus); (4) the harmonic-rich chick-adee call of the Black-capped Chickadee; (5) We created stimuli 1 and 2 using Audition software (Adobe Systems Inc., San Jose CA). Stimuli 3, 6, 9, 10, and 12-25 were from our personal recordings collected in the field during previous investigations. Stimuli 4, 5, 7, 8, 11 were taken from the commercial CDs "Stokes Field Guide to the Bird Songs of Eastern North America" and "Peterson Field Guide to the Birds of Eastern North America". A stimulus set used in this analysis is attached as a WAV file for download (stimuli 4, 5, 7, 8, and 11 are not included in this WAV file to avoid copyright infringement).
Notes on the ease of use of the microphone array
Previous cable-based microphone array systems have provided insight in the ecology and behaviour of wild animals, but are often logistically challenging to set up. For example, our research group has used cable-based microphone arrays to study vocal duetting in Rufous-and-white Wrens in a tropical forest habitat (an 8-microphone cable-based array; see Mennill et al. 2006; Mennill & Vehrencamp 2008) , to study behavioural ecology of Black-capped Chickadees living in a temperate forest habitat (a 16-microphone cable-based array; see Fitzsimmons et al. 2008a,b; Foote et al. 2008a,b) , and to study singing behaviour in Song Sparrows living in a temperate field habitat (a 16-microphone cable-based array; see Lapierre et al. 2011 ). The 8-microphone cable array required a team of four researchers to efficiently move the array between two nearby recording locations, with a time commitment of approximately 1.5 hours to take down the array and 2.5 hours to set up the array (i.e. 16 person-hours to move an 8-microphone array). The two 16-microphone cable arrays took a team of eight researchers to efficiently move the array, with a time commitment of approximately 2.0 hours to take down the array and 3.0 hours to set up the array (i.e. 40 person-hours to move a 16-microphone array). The majority of this time involved stretching cable between the centrally-located laptop computer and each of the microphones, with additional time to attach the microphones to trees (see Mennill et al. 2006 ) and test that each microphone was properly connected by collecting test recordings. The equipment required to operate these cable-based arrays filled the trunk of our research vehicle (not including the GPS equipment for surveying microphones). In addition, the equipment for these cable-based systems was very heavy, owing mostly to the weight of kilometres of copper cable.
The system described here was much easier to operate. Four people quickly moved the 4-recorder array between two nearby recording locations; in a single day we set up the array in six different configurations. It took us approximately 10 minutes to take down the array and 10 minutes to set up the array (i.e. 1.3 personhours for moving the 4-recorder, 8-microphone array). The majority of this time involved walking between the recording locations. The required equipment for this system is compact and lightweight; the entire system fit in a backpack that could be carried by one person (not including the GPS equipment for surveying recorder locations).
Note concerning the distance between microphones
We recorded sounds with the stereo microphones attached directly to the side of the Song Meters (see Fig.  S3a ). Consequently, the microphones were separated by short distances (ca. 29 cm). Wildlife Acoustics now sells microphone cable extensions in 1, 3, 10, and 50m lengths, so that the microphones can be separated from the recorders by these distances. An alternative approach -which we have not tested -would involve attaching one or both microphones to the Song Meter with a cable extension, thereby increasing the distance between the two microphones. This would enhance the microphone coverage of the study site and possibly improve triangulation capabilities.
Note concerning the number of accurate locations
In this first field test of this new technology, we rejected many locations because they were deemed unreliable by ArrayGUI software. We targeted 7,200 annotated sounds (12 examples inside and 12 examples outside of the array for each of the 25 types of sounds in each of the 12 arrays), and we succeeded in producing annotations for 6,085 sounds after discounting sounds that were badly overlapped by background noise (anthropogenic noise from cars and airplanes; biotic sounds from live animals at the 12 recording sites). We used ArrayGUI to triangulate the position of these 6,085 annotated sounds. ArrayGUI provided location estimates deemed to be reliable for 1,964 of these 6,085 annotated sounds (32.3%). We categorized locations as "reliable" when ArrayGUI generated a quality index of 0.7 or higher, and when the probability cloud showing the position estimate on a map of the microphone locations had a small (<5m diameter) circular distribution. We provide examples of four reliable and four unreliable position estimates in Fig. S2 . We calculated an average distance between the estimated locations and the GPS position of the loudspeaker for each type of sound, producing a final dataset of 362 averaged position estimates (i.e. 60.3% of the 600 sound type/location combinations had at least one reliable location estimate).
The use of ArrayGUI to collect reliable position estimates could be improved when applying this technology in the field, where researchers might desire reliable position estimates for as many recorded sounds as possible. When triangulation produces an unreliable result, the user can adjust the annotation window in ArrayGUI, possibly by selecting a different subsection of the sound, and then repeating the triangulation process until a reliable location estimate is found.
Comparison of GPS accuracy in the forest versus field
As expected, GPS survey accuracy was higher in the field sites versus forest sites, probably due to the effect of the dense vegetation in the forest. Measured with an Ashtech ProMark 3 survey-grade GPS system, our overall accuracy was 1.12 ± 0.20 m (mean ± SE for n = 12 sites with 4 microphone positions and 2 loudspeaker positions at each site). Accuracy at field sites (0.006 ± 0.001 m) was significantly higher than accuracy at forest sites (2.23 ± 0.31 m; Wilcoxon sign-rank test: Z = 5.1, p < 0.0001, n = 6 forest and 6 field sites with 4 microphone positions and 2 loudspeaker positions at each site). This difference may be responsible for the non-significant trend in better triangulation accuracy at field sites compared to forest sites.
Notes on the three types of GPS data used in this study
We collected three types of Global Positioning System (GPS) data in this study.
(1) The first were GPS data received by the integrated GPS in the Wildlife Acoustics Song Meters. These data were used by the firmware in the Song Meters to synchronize the recordings. We did not use these GPS data for spatial positioning. The GPS data collected by the integrated GPS unit can be extracted on a second-by-second basis to collect repeated position sample estimates to generate surveys of microphone positions. These data should be expected to have similar accuracy to our handheld surveys (see below).
(2) The second were GPS data collected by the Ashtech ProMark 3 survey-grade GPS. These GPS data were used to sample the position of the four recorders and the two loudspeakers. We sampled the position of only one of the two stereo microphones for each Song Meter. Using a compass, we positioned all Song Meters so that one microphone faced directly north and the other directly south. We measured the distance between the two microphones (29.5 cm) and we subtracted this distance from the GPS position of the northern GPS-sampled microphone to calculate the position of the southern microphone. These survey-grade GPS data were used in the main paper.
(3) The third were GPS data collected with handheld Garmin GPS60CSx units. These handheld units have lower survey accuracy than the survey-grade system. We used these handheld units for two purposes. First, we used these units dynamically in the field, to guide the placement of the four recorders when we set them up; this allowed us to quickly set up the recorders with separation distances of approximately 25m or 50m. Second, we used the handheld units to collect static surveys, just as we did with the survey-grade Ashtech system. We did this as a test of whether handheld recreational GPS units could be used as an alternative to survey-grade GPS units. Handheld GPS units are more affordable (hundreds of dollars) and already owned by many field researchers; survey-grade GPS units are more expensive (many thousands of dollars) and are more uncommon. We describe our comparison of the survey-grade Ashtech GPS system and the handheld Garmin GPS system below.
Comparison of location accuracy using handheld GPS surveys of microphone positions
We surveyed microphone positions with a survey-grade Ashtech ProMark 3 system to conduct the analyses presented in the main paper. We were curious about whether handheld GPS units could be used to survey microphone positions at a more affordable cost. To that end, we also surveyed microphone positions using Garmin GPS60CSx handheld receivers. We attached these Garmin GPS units to the poles that the Song Meters were mounted on, and used the "track log" function to record the X and Y coordinates of the Garmin units every 5 seconds. We left the units in place for 20 to 40 minutes. This produced a cloud of points with substantial variation, as we expected for a non-survey-grade system. We downloaded and exported the points collected with these handheld units using Mapsource software (Garmin, Olathe, KS) and exported them into a spreadsheet. We then eliminated the 10% of points that were most distant from the geometric centre of the cloud of points. We then calculated the average X and Y position based on the remaining cloud of points. We did this for all microphones, and used ArrayGUI to triangulate the positions of all sound sources for playbacks that were conducted inside the areas bounded by the recorders. All settings were identical during these analyses, except the microphone positions were estimated with the handheld Garmin GPS units rather than the survey-grade Ashtech GPS units. This produced 1273 reliable position estimates (out of 3600 possible internal Figure S2 . Examples of the graphical output of ArrayGUI triangulation software, showing both reliable and unreliable location estimates. Each map shows the UTM coordinates on the x-axis (x10 5 ) and the y-axis ( x10 6 ). Numbers represent the positions of the eight microphones (pairs of numbers are overlapping because each recorder included two microphones). The coloured cloud shows a probability estimate of the estimated position of the sound source; a white circle shows the final position estimate. Reliable location estimates are shown in the top row; the coloured probability clouds showing estimated position are so small that they fill just a few pixels, and the ArrayGUI quality estimates are greater than our threshold of 0.7 (quality is shown in the top right). Unreliable location estimates are shown in the bottom row; the coloured probability clouds showing estimated position are extensive, and the ArrayGUI quality estimates are <0.7. (a) A reliable location estimate for an internal loudspeaker at an array with 25m microphone spacing in a forest habitat (sound type: Gray Tree Frog call). (b) A reliable location estimate for an internal loudspeaker at an array with 25m microphone spacing in a field habitat (sound type: Tree Swallow song). (c) A reliable location estimate for an external loudspeaker at an array with 50m microphone spacing in a forest habitat (sound type: Rufous-and-white Wren song). (d) A reliable location estimate for an external loudspeaker at an array with 50m microphone spacing in a field habitat (sound type: Eastern Red Squirrel call). (e) An unreliable location estimate for an internal loudspeaker at an array with 25m microphone spacing in a forest habitat (sound type: Black-capped Chickadee call). (f) An unreliable location estimate for an external loudspeaker at an array with 25m microphone spacing in a field habitat (sound type: descending sine wave). (g) An unreliable location estimate for an external loudspeaker at an array with 50m microphone spacing in a forest habitat (sound type: White-throated Sparrow song). (h) An unreliable location estimate for an internal loudspeaker at an array with 50m microphone spacing in a field habitat (sound type: Pileated Woodpecker drum). 
